The composition of Maluspumila Mill. cutin from cuticles isolated using ZnCI2-HCI reagent has been compared to that isolated by an oxalateenzymic method. Molecular changes were observed and included the loss of unsaturated components and hydroxyl groups. Such changes may alter the results of physiochemical investigations of cuticles.
A ZnCl2-HCl method was recommended for the routine isolation of plant cuticles by Holloway and Baker (3) . This method has been used to prepare plant cuticles for many different uses, ranging from studies of chemical composition (1) and ion penetration (6) to anatomical and morphological examinations (4) . Although this method successfully liberates cuticles which are difficult to isolate using other methods, it is chemically harsh and might cause molecular changes in various cuticular components. Such changes could affect experimental results of studies which deal with the composition and physiochemical properties of cuticles. Evidence of molecular changes in cutin acids from cuticles isolated using ZnCl2-HCl reagent is presented in this paper.
MATERIALS AND METHODS
Cuticles from fruits of Malus pumila Mill. cv. Yellow Delicious were prepared for cutin acid analysis by two methods. The relatively mild oxalate-enzymic method described by Walton and Kolattukudy (7) was used to produce cuticles with a presumably unaltered cutin fraction. The second method involved digestion of pretreated apple peels in ZnCl2-HCl reagent (1.7 g ZnCI2/ml concentrated HCI) as described by Holloway and Baker (3) Air-dried extracted cuticles, prepared for cutin acid analysis, were powdered in a Wiley mill fitted with a 40-gauge sieve. The resultant cutin powder was reductively depolymerized with LiAlH4 and prepared for gas chromatography as described by Walton and Kolattukudy (7). Gas chromatographic analyses were performed using a stainless steel column (183 x 0.21 cm i.d.) packed with 3% SE-30 on 80 to 100 mesh Chromosorb W. The temperature was programmed from 190 to 250 C at 4 degrees/min.
The identity of each gas chromatographic peak was confirmed using mass spectra. These were obtained with a Hewlett Packard GLC-MS system (HP-57 OA GC, HP-5980A MS) fitted with a glass capillary column (16 m x 0.25 mm i.d.) (OV-l01) and using a temperature program of 160 to 230 C at 4 degrees/min.
RESULTS AND DISCUSSION
The cuticles turned dark brown in the ZnCl2-HCl reagent but not during oxalate-enzyme treatment. This color change was substantially but not completely reversed during the following wash. The darkening probably reflects changes in the bonding of chromophores, most likely covalently bound phenolics, arising from interaction of these groups with the reagent.
Losses in the dry weight of cuticles isolated by the ZnCl2-HCI method (8-hr digestion, as frequently used for isolation by this method alone) were greater than those encountered during preparation by the oxalate-enzyme method. Rapid weight loss occurred during the first 8 hr of ZnCl2-HCl digestion (Table I) . These early weight losses correspond to the removal of remaining cellular debris and structural carbohydrates as indicated by Hoch (2). A loss of anatomical detail, as revealed by the scanning electron microscope, and the limp texture of the ZnCl2-HCl cuticles when compared to the oxalate-enzyme cuticles, support this conclusion. Digestion for longer than 8 hr resulted in slower weight loss (Table  I) , almost complete loss of structural detail, and the production of (Fig. 1) . The most striking difference was the loss of unsaturated cutin monomers in the ZnCI2-HCI preparations. Substantial reductions in unsaturated components (peaks 2, 4, and 6 of Fig. 1 ) occurred within I to 8 hr of acid digestion (Table II) . The loss probably involves hydrohalic additions across double bonds followed by reduction with LiAIH4. The disappearance of unsaturated components was not always accompanied by proportionate increases in their saturated analogs. The change in component distribution suggests that other factors may also be involved.
Limited dehydroxylation also appeared to take place as indicated by the relative abundance of saturated tetraols, triols, and diols (Table II) . This is reasonable since nucleophilic substitution of free hydroxyl groups should produce alkyl chlorides under conditions present in the ZnCI2-HCl digestion. These alkyl chlorides would be reduced during subsequent hydrogenolysis to yield dehydroxylated analogs of the parent compounds.
Short ZnCI2-HCl digestions (<I hr), often used to remove carbohydrates from cuticles isolated by other methods, did not cause significant changes in cutin acid composition (Table II) . Prolonged digestions (>I hr), as required for the isolation of most cuticles by this method alone, did result in substantial alteration of the cutin fraction (Table II) . The occurrence of chemical changes during treatment with ZnCl2-HCl reagent should alert investigators to possible changes in the physiochemical properties of cuticles isolated by this method.
